Objectives-To determine whether color Doppler sonography increases the detection of pregnancies at risk for adverse outcomes.
A mniotic fluid volume (AFV) has been used as an indicator of the adequacy of placental perfusion, especially in at-risk pregnancies in the second and third trimesters. It is postulated that an at-risk pregnancy with poor placental perfusion will shunt blood to the brain, heart, and adrenal glands at the expense of the rest of the fetal organ systems, resulting in decreased renal perfusion and oligohydramnios. 1 As a result, measurement of the AFV has become an integral part of the fetal surveillance techniques designed for pregnancies at risk for adverse perinatal outcomes. Two of the most commonly used surveillance tests are the biophysical profile, 2 which measures the adequacy of the AFV by the single deepest pocket (SDP) technique, and the modified biophysical profile, which uses the amniotic fluid index (AFI) or the SDP to estimate the adequacy of the AFV. 3, 4 Even in low-risk pregnancies which undergo a sonographic examination in the second or third trimester of, the sonographic diagnosis of oligohydramnios frequently leads to additional testing, delivery if the pregnancy is at term, or corticosteroid treatment if the pregnancy is preterm and subsequent delivery if the oligohydramnios persists.
The sonographic estimates of AFV used to establish the thresholds identifying the AFV as low, normal, and high were established with the use of grayscale sonography. 3, 5 More recently, color Doppler sonography has become widely available to sonographers. Measurement of fluid pockets by the AFI and SDP techniques obtains the vertical diameter of fluid in a pocket without fetal body parts or the umbilical cord, although the pocket can be measured if the cord is in the pocket only transiently. Color Doppler sonography can identify the umbilical cord in an AFV pocket that is not visible on grayscale sonography alone. In studies that have looked at the AFI with grayscale and then with color Doppler sonography, investigators have found that AFI and SDP measurements are decreased by 20% on color Doppler sonography. [6] [7] [8] [9] Does that labeling of more pregnancies with a lower estimated AFV identify more pregnancies at risk for adverse intrapartum and perinatal outcomes?
The efficacy and clinical utility of grayscale versus color Doppler sonography for detection of oligohydramnios and pregnancies at risk for unfavorable intrapartum and perinatal outcomes is uncertain. This study was undertaken to determine whether the use of color Doppler sonography increased the detection of pregnancies at risk for adverse outcomes.
Materials and Methods
This study evaluated both low-and high-risk singleton pregnancies on admission to labor and delivery. The study was approved by the Institutional Review Board at the University of Arkansas for the Medical Sciences (number 130140). Women with multiples or ruptured membranes and those admitted with the anticipation of cesarean delivery were excluded from the study. The sonographic measurements of the AFV were obtained prospectively on admission to labor and delivery, whereas the chart review for perinatal outcomes was performed retrospectively.
All pregnancies admitted to labor and delivery at the University of Arkansas for the Medical Sciences have an estimated AFV, fetal weight, and placental location determined. The sonographic estimation of the AFV using the AFI or SDP technique is normally done by grayscale sonography alone. The AFI measurement is undertaken by dividing the maternal abdomen into 4 quadrants as defined by the umbilicus into upper and lower quadrants and by the linea nigra into right and left quadrants. After sonographic visualization, only pockets of fluid that were free of fetal small parts and the umbilical cord were measured. The SDP of each of the 4 quadrants, measured perpendicular to the ground, not the uterine contour, were added together. 3 In the SDP technique, the assessment was done in a similar fashion as the AFI by scanning the entire uterine cavity and identifying the SDP of amniotic fluid. 10 Oligohydramnios was defined as either an AFI of less than 5 cm or an SDP of less than 2 cm. Polyhydramnios was defined as either an AFI of 24 cm or greater or an SDP of 8 cm or greater. The AFV was estimated first by grayscale and then color Doppler sonography. Both grayscale and color Doppler measurements were recorded by the same provider (obstetrics and gynecology resident qualified to measure the AFV).
The maternal and perinatal outcomes, maternal demographics, medical history, and antepartum complications were evaluated. Intrapartum assessments included mode of delivery, reason for surgical vaginal delivery or cesarean delivery, and meconium staining of the amniotic fluid. Neonatal outcomes evaluated included gestational age at delivery, Apgar scores at 1 and 5 minutes, umbilical artery cord pH, base excess, admission to the neonatal intensive care unit (NICU), and reason for such admission, including prematurity, sepsis workup, chorioamnionitis, respiratory depression, hypoglycemia, meconium aspiration, respiratory morbidity, and perinatal death.
Maternal and infant characteristics and outcomes were summarized as means and standard deviations for continuous measures and frequency distributions for categorical data. Next, a paired t test was used to evaluate the average change in both AFI and SDP values between the use of grayscale and color Doppler sonography. Bland-Altman plots were used to graphically display and analyze the agreement of AFI and SDP measurements based on the use of grayscale and color Doppler sonography. 11 In addition, AFI and SDP values were categorized into oligohydramnios, normal, and polyhydramnios based on their respective cut points, and the j statistic was used to assess the agreement level of categorization by grayscale compared with color Doppler sonography. A j of 0 to 0.20 indicates slight agreement; 0.21 to 0.40, fair agreement; 0.41 to 0.60, moderate agreement; 0.61 to 0.80, substantial agreement; and 0.81 to 1.0, almost perfect agreement. 12 Finally, the Fisher exact test was used to determine the association between categorization of oligohydramnios on grayscale versus color Doppler sonography across various maternal and infant outcomes. All statistical analyses were performed with SAS version 9.3 software (SAS Institute Inc, Cary, NC) based on 2-sided tests with a significance level of .05.
Results
There were 428 women recruited for this study between January 2011 and June 2014. The mean maternal age was 26.4 6 5.7 years; 53% of participants were white; and gravidity was 3 or greater for 41% of the participants. The mean gestational age at delivery was 38.9 6 1.7 weeks, and the mean neonatal birth weight was 3231 6 569 g. Most patients delivered vaginally (76%), and surgical vaginal delivery comprised only 1.6% of all deliveries. Among the 428 participants, 110 women (25.7%) had an intrapartum or neonatal adverse event. Thirty of the deliveries required NICU admission, whereas 29 (6.78%) neonates developed some form of neonatal complication ( Table 1) .
The use of color Doppler sonography resulted in significantly lower estimates of the mean AFV using both the AFI and SDP (AFI, 10.7 6 3.7 cm by grayscale sonography and 8.6 6 3.6 cm by color Doppler sonography; mean difference, 2.12 6 2.12 cm, which represented a 20% change; P < .0001). For the SDP, mean estimates were 4.6 6 2.0 cm by grayscale sonography and 3.4 6 1.4 cm by color Doppler sonography (mean difference, 1.21 6 1.5 cm, which represented a 23% change; P < .0001; Table 1 ). These results are also reflected in the Bland-Altman plots for the AFV and SDP (Figure 1 ). For both the AFI and SDP, the differences in measurements based on grayscale versus color Doppler sonography deviated from 0. It is worth noting that the difference between the methods tended to get larger as the mean SDP increased. Tables 2 and 3 show the agreement between grayscale and color Doppler sonography in the categorization of AFI and SDP estimates, respectively. Among 427 patients based on AFI measurements (1 patient had a missing value), both grayscale and color Doppler sonography categorized 15 patients as having oligohydramnios, whereas 359 patients were classified as normal. However, there were 53 cases in which patients were deemed to have oligohydramnios on color Doppler sonography, whereas these same women were considered normal on grayscale sonography. Therefore, the level of agreement between grayscale and color Doppler sonography in estimating AFI values was considered fair, with j 5 0.32. 12 Polyhydramnios was not diagnosed in either group by using AFI as a method of estimating the AFV. Using SDP criteria, grayscale sonography identified 12 patients with low amniotic fluid, 389 with normal fluid, and 27 with polyhydramnios. Alternatively, using the SDP criteria, color Doppler sonography identified 50 patients with oligohydramnios, 376 with normal fluid, and 2 with polyhydramnios. Thus, the agreement level between grayscale and color Doppler sonography based on SDP measurements was slightly lower than that for the AFI but still considered fair, with j 5 0.28. 12 We Figure 1 . Bland-Altman plots analyzing the assessment of AFI and SDP measurements based on grayscale and color Doppler sonography. One subject had a missing value; j 5 0.3224. To determine whether color Doppler sonography is better at identifying pregnancies destined for adverse perinatal outcomes, we first compared various outcome measures between cases with a diagnosis of low amniotic fluid by color Doppler sonography only (diagnosed as normal by grayscale sonography) and compared those labeled with oligohydramnios by both measuring techniques (Table 4) . When cases that were labeled as having low fluid by color Doppler sonography only were compared with cases labeled as having low fluid by both color Doppler and grayscale sonography, there were no differences in composite prenatal complications (preeclampsia, gestational diabetes, and preterm labor), mode of delivery, 5-minute Apgar score of less than 7, NICU admission, or composite neonatal complications leading to NICU admission (prematurity, sepsis workup, maternal chorioamnionitis, meconium aspiration, respiratory depression, transient tachypnea of the neonate, and respiratory distress syndrome). There were no intrapartum fetal deaths or perinatal deaths.
We then compared perinatal outcomes in cases of oligohydramnios diagnosed by color Doppler sonography only (labeled normal by grayscale sonography) with cases that were labeled normal by both color Doppler and grayscale sonography using the AFI and SDP criteria respectively (Table 5 ). There were no differences in perinatal complications, 5-minute Apgar score, NICU admission, and neonatal complications. However, there was a significant difference in the mode of delivery (P 5 .0015) with the rate of vaginal delivery being much higher in the group with oligohydramnios diagnosed by color Doppler sonography only compared with the cases that were labeled normal by both using the AFI criteria. Although there were more women undergoing cesarean delivery in the oligohydramnios group compared with the group with a normal AFV, there was no difference in the number of cesarean deliveries for fetal intolerance of labor between groups (P 5 .229). For SDP results, there were no significant differences in all parameters (Table 5 ).
Discussion
The levels of agreement between grayscale and color Doppler sonography in estimating oligohydramnios, a normal AFV, and polyhydramnios were compared in this study. The overall agreements between grayscale and color Doppler sonography for the AFI and SDP values were both considered fair by j assessment. Oligohydramnios was diagnosed more frequently by the AFI on both grayscale (15 of 427 [ 
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grayscale or color Doppler sonography. These findings indicate that the AFI labels more pregnancies as having oligohydramnios than the SDP, resulting in overdiagnosis of oligohydramnios using the AFI compared with the SDP technique and more interventions without an improvement in perinatal outcomes. We have repeatedly observed that in using the SDP technique and labeling pregnancies with an SDP of 8 cm or greater as having polyhydramnios, if we then measure the AFV using the AFI, we frequently observe that the AFI is less 24 cm, and we would then label that pregnancy as having a normal fluid volume. We speculate that just as the use of the AFI has led to the overdiagnosis of oligohydramnios and leads to more interventions without any improvement in perinatal outcomes, perhaps the use of the SDP may lead to the overdiagnosis of polyhydramnios with uncertain implications. Even though the cutoff values for identifying abnormal fluid were set by grayscale techniques, the use of color Doppler sonography in obstetric practice for determination of the AFI and SDP is increasing. Our study found that using color Doppler sonography resulted in more pregnancies with a diagnosis of oligohydramnios: by 20% when the AFI was used and 23% when the SDP was used. This finding confirms previous findings by Bianco et al 6 and Magann et al 9 that the use of color Doppler sonography results in more pregnancies being identified as having oligohydramnios. More disturbing was the finding by Magann et al 9 that the number of pregnancies with dye-determined oligohydramnios was not increased by the use of color Doppler sonography, and additionally, 21% of patients with a normal dyedetermined AFV were relabeled as having oligohydramnios by color Doppler sonography. Our study aimed to ascertain whether the addition of color Doppler sonography was able to detect more pregnancies destined for poor intrapartum and perinatal outcomes and whether the detection of these additional cases was clinically relevant. In this study, the addition of color Doppler sonography did not identify more pregnancies at risk for adverse antepartum, intrapartum, or perinatal outcomes.
To determine whether color Doppler sonography is better at identifying those pregnancies that are more likely to have adverse outcomes, we compared various outcome measures between cases diagnosed with oligohydramnios based on color Doppler sonography only (normal by grayscale sonography) and those labeled as having oligohydramnios by both grayscale and color Doppler sonography. We found no difference in either intrapartum or perinatal outcomes. Undeniably, if the addition of color Doppler sonography were better at identifying pregnancies destined for adverse outcomes, we would expect adverse outcomes to be increased in the cohort with oligohydramnios diagnosed by color Doppler sonography only compared with those that were diagnosed by grayscale and color Doppler sonography or those that were labeled as having normal amniotic fluid by grayscale and color Doppler sonography. We note that whereas no statistical significance was observed, this finding does not imply that the expected adverse outcomes are equivalent across the groups. Given the limited sample size and rare event rates, our study was not powered for an equivalence design. We did observe that when we compared pregnancies labeled as having oligohydramnios by color Doppler sonography only with pregnancies with a normal AFV by both grayscale and color Doppler sonography, there were more cesarean deliveries in the normal group, but that was not because of an increase in cesarean deliveries for fetal intolerance of labor. Our study was limited. Even though the study was prospective, it was performed on patients who were admitted to labor and delivery and committed to that delivery. Future investigations are needed in which antepartum patients, both low and high risk, would be compared by using grayscale versus color Doppler sonography with subsequent decisions being made about management and delivery. Maternal and perinatal outcomes would then be compared. Until those studies are undertaken, this study serves as an appropriate surrogate to postulate that color Doppler sonography does not necessarily detect more pregnancies destined for adverse pregnancy outcomes compared with grayscale sonography and may lead to more inductions for oligohydramnios without any difference in maternal and perinatal outcomes.
